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Lymphocyte-derived interleukin-17A adds another
brick in the wall of inflammation-induced breast
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We have previously reported that a subset of breast tumors are infiltrated with IL-17A-producing tumor-associated
lymphocytes and that IL-17A cytokine is principally associated with estrogen receptor negative (ER") and triple negative,
basal-like tumors. We established that IL-17A producing lymphocytes induced cancer cell proliferation, chemoresistance,
and invasion, indicating that IL-17A is a potential therapeutic target for breast malignancies.

Inflammatory signals from the tumor
microenvironment  influence  tumor
behavior by promoting the growth of
neoplastic lesions and the dissemination
of malignant cells to distal sites. Among
the interleukin-17 family of inflammatory
cytokines, IL-17A has gained popularity in
the context of carcinogenesis and accumu-
lating evidence supports its involvement
in human cancer. IL-17A is produced by a
subset of CD4* lymphocytes, called Th17
cells, as well as other cells such as natural
killer (NK) cells and macrophages.

Beyond their established role in the
pathogenesis  of rheumatoid arthritis
and psoriasis, both IL-17A cytokine and
IL-17A-producing immune cells may
participate in carcinogenesis, a premise
supported by their increased presence in
various malignancies, including breast
cancers.> When present, IL-17A partici-
pates in tumor progression through the
activation of oncogenic pathways such as
mitogen-activated protein kinase-related
(MAPK/ERK), receptor-tyrosine kinase
activated signal transducer and activator-3
(STAT3), and the B cell lymphoma-2
(BCL2) family of anti-apoptotic genes,
(among others) that together promote

tumor cell survival and metastatic dis-
semination. The functional participa-
tion of IL17A in carcinogenesis has been
directly assessed in several mouse models
by knocking out the /L174 gene, or alter-
natively, 1 of the 2 genes encoding its cog-
nate receptor (/L17RA and ILI7RC). Mice
deficient in IL-17A signaling have been
observed to be resistant to the develop-
ment of carcinogen-induced skin lesions
as well as colon and prostate cancer and
exhibit diminished growth of melanoma,
lung, and bladder tumor cell lines in trans-
plantation settings. IL-17A neutralization
also resulted in the drastic diminution of
colon cancer cell growth and decreased
the growth of ovarian and lung cancer
cell lines. Of particular interest, IL-17A
neutralizing antibodies reduced the tumor
growth and metastasis of several mouse
models of breast cancer.*’

The role of IL-17A in breast cancer has
been suggested by studies in vitro' and fur-
ther substantiated in animal models** and
in clinical samples.”® Furthermore, /L17R
knockdown in 4T1 cells decreased cancer
growth in vivo and, of particular surprise,
induced cancer cell death.® Thus, we spec-
ulated that IL-17A is an important factor
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in breast cancer progression and influences
breast cancer cell survival. Combining
IHC studies and analyses of fresh human
biopsies, we found that IL-17A produc-
ing cells infiltrate ~20% of breast cancer
patient tumors,” thereby confirming pre-
vious reports."? One fifth of the malignant
lesions exhibited moderate to heavy infil-
tration by IL-17A positive immune cells,
whereas such cells were absent or rare in
normal mammary tissues. Most IL-17A*
immune cells were lymphocytes and mac-
rophages, which, again, is in accordance
with previous work."? Concomitantly, a
large study from Chen et al. involving 207
breast cancer cases reported that ~18% of
the lesions were infiltrated with IL-17A
producing cells.? IL-17A positive tumors
were significantly associated with estro-
gen receptor (ER) negative, progesterone
receptor (PR) negative, and triple negative
status as well as with higher histological
grade and reduced disease free survival.
By combining our data” with those from
Chen et al.®> we concluded that IL-17A is
mainly involved in ER and triple negative
tumors. Unpublished observations from
our laboratory further suggest that IL-17A
is notably involved in inflammatory breast
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Figure 1. Protumor activities of the inflammatory cytokine IL-17A in breast cancer. Interleukin-17A from the tumor microenvironment binds IL-17R on
the surface of breast tumor cells and activates oncogenic ERK and NF-kB pathways, thereby leading to increased proliferation, survival and resistance to
chemotherapeutics, and invasiveness. IL-17A also binds IL-17R present on fibroblasts and activates NF-kB and STAT3 pathways leading to production of
IL-6 and G-CSF. IL-6, in combination with TGFB, further activates Th17 cells leading to a chronic inflammatory state and amplification of IL-17A signaling.
G-CSF participates to the recruitment of myeloid-derived suppressor cells (MDSCs) that release VEGF leading to tumor angiogenesis and also possess
potent immunosuppressive activity further supporting tumor growth. ERK, extracellular signal-regulated kinase; G-CSF, granulocyte-colony stimulat-
ing factor; nuclear factor kappa B (NFkB); STAT3, signal transducer and activator-3; TGF, transforming growth factor-@3; VEGF, vascular endothelial growth

cancer, a very rare subtype of breast cancer
with poor prognosis.

By combining in vitro and ex vivo
experiments assaying lymphocytes iso-
lated from patient biopsies and a global
approach to uncover the potential onco-
genic pathways activated by IL-17A, we
showed that IL-17A exerts several onco-
genic effects through direct binding to
its receptor on the surface of tumor cells
(Fig. 1). ERK kinases were consistently
phosphorylated upon IL-17A stimulation
in all cell lines tested. ERK kinases, as
part of the MAPK-signaling pathway, are
integral to the proliferation and survival
of many cancer cell types. In support, we
demonstrated that IL-17A promotes resis-
tance to docetaxel in breast cell lines in a
dose-dependent manner. We also found
that IL-17A promotes the proliferation of
some breast cancer cell lines. Although
this proliferative effect of IL-17A on can-
cer cells had not been previously reported,
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IL-17A is known to promote the prolif-
eration of smooth muscle airway cells and
human mesenchymal stem cells through
the activation of the MAPK-kinase related
MEK-ERK pathway. We also confirmed
results from Zhu et al.! and showed that
IL-17A stimulates breast cancer cell migra-
tion and extracellular matrix invasion in
3D tumor models.

The translational relevance of this
work in regards to the therapeutic use of
IL-17A antagonists for the treatment of
breast cancer relies upon the use of patient
biopsy material. We isolated heteroge-
neous populations of tumor-infiltrating
lymphocytes (TILs) from IL-17A* breast
cancer specimens and found that they pro-
moted chemoresistance, proliferation, and
migration in an IL-17A-dependent man-
ner, evinced by IL-17A neutralizing mono-
clonal antibodies that largely abrogated
their protumorigenic properties. Taken
together with evidence for the critical
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role of IL-17A in tumor angiogenesis and
resistance to vascular endothelial growth
factor (VEGF)-blockade,® these results
suggest that IL-17A inhibition could effec-
tively decrease tumor cell dissemination,
sensitize cancer cells to chemotherapeutic
agents, and prevent resistance to the anti-
angiogenic drug Avastin.

Finally, an outstanding question that
remains is what roles, if any, do other iso-
forms of the IL-17 family play in malignant
disease? So far, the potential involvement
of IL-17C and IL-17D in cancer remains
completely unexplored. On the other
hand, IL-17B has been recently demon-
strated to correlate with mammary cell
transformation and to foster the survival
of breast cancer cells by activating the
nuclear transcription factor kappa B (NF-
kB) and BCL-2 pathways.” Furthermore,
results from our group substantiate an
important role for IL-17B, and its recep-
tor IL-17RB, in mammary tumorigenesis
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(manuscript in preparation). In contrast,
IL-17E, an alternative ligand for IL-17RB,
has been reported to induce breast can-
cer cell apoptosis, however, this effect
may potentially occur via competition
with IL-17B.!° Therefore, further work is
needed to understand the respective roles
of IL-17A, and the other isoforms of this
important  pro-inflammatory cytokine
family, in the tumor microenvironment,
findings that may lead to the identifica-
tion of novel cancer therapeutic targets.
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